The combustion characteristics of ultrafine pulverized Fujian anthracite were studied by comparison of ultrafine and conventional pulverized Fujian anthracite. The results show that ultrafine pulverized action has more positive significance to Fujian anthracite which has difficulties in ignition, stabilization and burnout. For Fujian Tianhushan anthracite, as the average coal particle size decreases from 38.002 μm to 14.877 μm, the coal's ignition temperature, burnout temperature and activation energy reduced from 620. 
Introduction
The problems of low combustion efficiency and high pollutant emissions is universal to the present 500,000 running and coal-fired boilers in China, so developing clean and high-efficiency industrial pulverized coal-fired boiler system has become a priority subject of Chinese special medium-long item program of energy-saving.The influence degree on the combustion characteristics of ultrafine pulverized coal varies with different coal. Although many studies have been done, there is still no reference to experimental study of ultrafine pulverized Fujian anthracite.
In this paper the changes of Fujian anthracite with varied particle sizes, including ultrafine size of less than 20 m, in the particle size distribution, in the porosity and specific surface area, the proximate and ultimate analysis, and the thermogravimetry curves are discussed, along with the combustion characteristic indexes and kinetic parameters are solved. It is of great significance to the development and application of ultrafine pulverized coal-fired boiler combustion technology.
Experimental Results and discussions

Effect of ultrafine pulverized action on Particle size distribution and physical structure parameter
Using the method of repeatedly grinding without screening, each pulverized coal with four kinds of particle sizes were prepared. After pulverized coal samples were prepared, the analysis of particle size distribution was conducted on Mastersizer 2000 using wet method. Quantachrome Autosorb-iQ-C was used to analyse the porosity and specific surface area Taking Fujian Tianhushan anthracite as an example, the pulverized coal particle size distribution, the porosity and specific surface area under varied milling time are shown in Table 1 and Table 2 , respectively. Table 2 . Porosity and specific surface area of pulverized Fujian Tianhushan anthracite with varied particle sizes
Seen from the above, as the average particle size of pulverized coal decreases, d (0.1), d (0.5) and d (0.9) decrease significantly, especially d(0.9). The pore diameter decreases while the pore volume and specific surface area increase. It could be deduced that Fujian anthracite after ultrafine pulverized has more micropore to provide more gas transport channels and reaction surface area for combustion reaction, which are beneficial to improve its combustion characteristic. It could be known from Table 2 that for Fujian anthracite after ultrafine pulverization, its volatile content increases with a slight increase of ash content, while the fixed carbon content decreases relatively a little. Higher volatile content has positive effect on the ignition and burnout of Fujian anthracite which is a kind of fire resistant coal.
Effect of ultrafine pulverized action on Coal properties
Effect of ultrafine pulverized action on combustion characteristics
Thermogravimetric experiments were carried out on Mettler Toledo TGA/DSC1, the pulverized coal 15±0.2mg in weight was taken for combustion from 25 to 1200 with the heating rate of 20 /min, under the air atmosphere with the air flow rate of 60 mL/min and 20 mL/min high purity nitrogen used as protective gas. Results are shown in Fig. 1 and Fig. 2 . Fig. 3 displays that as the particle size decreases, both of the ignition and the burnout temperature decrease linearly, and the latter decreases even more remarkably. For Fujian Tianhushan anthracite, the relationship between the ignition temperature and the particle size, as well as the relationship between the burnout temperature and particle size could be obtained by curve fitting, which are expressed as T i = 0.897d+ 727.73, T b = 0.722 d + 765.44, respectively. 4 shows that as the particle size decreases, the comprehensive combustion characteristic indexes of the four kinds of pulverized coal increase, and especially for Fujian anthracite with low volatile content, it has a more significant trend to increase the index.
Combustion kinetic parameters are shown in Table 5 , Fujian anthracite has the highest activation energy which makes it hard to ignite and burn. However, with the decrease of the particle size, the activation energy decreases, which means pulverized coal become easier to ignite and burn. It also indicates that ultrafine pulverized action on Fujian anthracite is more suitable to improve its combustion characteristics. 
Conclusions
(1) With the decrease of pulverized coal particle size, the amount of the coarse particle increases sharply and the pore diameter decreases while the pore volume and the specific surface area increase for good uniformity .
(2) After Fujian anthracite is ultrafinely pulverized, its high calorific value is still in high level, and its volatile content increases with a slight increase of ash content, while the fixed carbon content decreases relatively a little.
(3) After ultrafinely pulverized, the comprehensive combustion characteristic index increases, and its activation energy falls down. It is obvious that ultrafine pulverized action has more positive significance for Fujian anthracite with less volatile to improve the ignition and the combustion characteristics.
